Overview of various machines, experiments at COSY
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1.1. Longitudinal cooling

Four general methods
Rang of the ion velocity 0 — 104 m/s

1. Equilibrium between a longitudinal heating ofthe 1on
beam and electron cooling

Developed at LEAR (H.Poth et al., NIM A 287(1990), 328) improved
and calibrated at ESR (T.Wincler et al., Hiperfine Int. 99 (1996) 227)

2. Equilibrium between induction acceleration
and electron cooling (TSR, HIMAC)



3. Phase shift method
Equilibrium between cooling and RF acceleration

(bunched 1on beam)
Rang of the ion velocity 104 — 107 m/s

4. Voltage step method




1.2. Transverse cooling
1. Measurements of the beam profile during cooling

C. Carli, M. Chanel, Bad Honnef conference, LEAR - LEIR
The profiles are transformed in amplitude density

distributions by applying an Abel transformation.
(M. Chanel, NIM A 441 (2000) 64 —69)

M. Beutelspacher et al. NIM A 441 (2000) 110-115, TSR

2. Damping time of coherent oscillations



3. Measurement of the maximum position
H. Danared et al. NIM A 441 (2000) 123-133 (CRYRING)
Transverse “chromatic” instability will occur- when a misalignment

introduced between the ion and the electron beam-exceeds the velocity
where the transverse friction force has its maximum.
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Fig. 9. Profiles ol a cooled ion beam with well-aligned electrons
(lefty and of a beam above the instability threshold where the
electron beam was misaligned by 2.3 mirad (right).




2. Determination of the-electron beam temperature
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Fig. 1. Drawing showing the position of the H” profile monitor (1) straight after the electron cooler (2).

A. Wolf et al., NIM A 441 (2000) 183-190
Heidelberg




H.Danared, NIM A 391 (1997) 24-31 CRYRING
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3. Dependence on Magnetic field value

TSR >C5* ions at
energy of 73.3 MeV

(At ESRuin the range
1.1-1:5 kG there is no
dependence)

Fig. 5. Cooling rates 1/t and 1/7; as functions of the magnetic
field in the interaction region {ion carrent 20 pA. expansion
factor 9.6. electron density 8.0 10° ¢m 7). Different plotting
symbols result from different beam times.

M. Beutelspacher et al. NIM A 441 (2000) 110-115, TSR



4. Dependence on electron transverse temperature
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Fig. 6. Cooling rates 1)z, and 1/z; as functions of the expansion
factor (Bee = 418 G, n, = 8.0 % 10° cm ™ ion current 20 pA),
Different plotting symbaols result from different beam times.

M. Beutelspacher et al. NIM A 441 (2000) 110-115, TSR



5. Scaling with charge number
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Fig. 3. Variauon of the power of the charge scaling of the
longitudinal cooling force with the ion velocity.

T.Wincler et al., NIM A391 (1997) 12-16
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7. COSY cooler
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Injection energy 45 MeV for protons, electron energy ~ 24.5 keV




Compensation , k) - *  Compensaticn
Solenoid X LLJ Solenoid

Length of the proton beam orbit inside magnetic field ~ 3m
Length of the straight solenoid 2m
“Effective” length of the cooling section 1.4m
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9. Beam manipulation

Gun, drift, and collector solenoid are equipped with steering
coils for both directions.

The coils produce a transverse magnetic field so that the
longitudinal field lines get inclined. Since the electrons follow

the longitudinal field lines, steering at the gun solenoid

results in a displacement of the electron beam in the drift solenoid.
Then, the collector steering has to be in opposite direction

in order to guide the beam into the collector.

The drift solenoid steering is used for the orientation of the electron beam.

The effectiveness of the gun steering at 800 G longitudinal field
was measured to be 1.54 mm/A, that of the drift steering 0.7 mrad/A.

Displacements of = 10 mm and orientation angles of + 2 mrad
can be applied at the same time without hitting the potential tubes in the toroids



Diagnostics

The neutral particle detector (H’ detector)
main tool to find the necessary 1on
and electron beam settings for cooling

1s mounted 1n a distance of 24.3 m downstream the center
of the drift solenoid.

It consists of two crossed wire chambers for profile measurements;
(wire distance 1 mm) and two scintillators
behind operated in coincidence for measuring absolute rates,

The repetition rate of the wire chamber spectra is about 2 s.
The acceptance of the H® detector is 1 mrad.



Beam alignment

The minimum of the angular divergence between
electron and proton beam can be found via.imeasurements:

- the dumping time (total cooling time at the same step
of the cathode voltage),

- profile width,
- HY count rate

as functions of the electron beam angle.
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Correction colils 1s out of operation.
Electron temperature, determined through the recombination rate

Chromatic instability 1s absent,

maximum misalignment angle +0.7 mrad:

Effective temperature corresponding to maximum of the
friction force

T > 20 meV



Friction force measurem age step method

After fast change of the cathode volt
1s measured as a function of time

o¢ the revolution frequency

Proton energy vs time

AEpk
=+ A
AEl9.18 -10




Longitudinal cooling force 100 mA
I

Cooling force (eV/cm)

| | | . .
0 p S S Longitudinal force/(Je=1 A!!!)
0 5-10 1-10 1.5 -10 0.01
Vips Vi, V1 : I
Relative velocity (cm/s)

Fy _ o=
N4'104 m/S Tlpl»lo3 —
5= PN
F i E
066 g\,
Ftsyii I

FF 1410 * NS —

Force (eV/cm)
4

o™
— =

FAja 1 _.
110 = ]

~6 | | |

110 110 1'107 110 1-10
Vips Vski, Viskii, FF1 0, V1, FAp o
Veloscity (cm/s)



11. Possible experiments

1. Dependence of the friction force on magnetic field value:
There 1s a possibility to change the field in all the solenoids
simultaneously from 400 to 1200 G

2. Dependence on longitudinal temperature (?):
Artificial increase of the cathode power supply noise

3. Dependence on the field imperfection:
Measurements of the force with field correction, search for
chromatic instability



